The choroid plexus contains a major reservoir of macrophages poised for efficient delivery of virus and neurotoxins to the brain after infection by lentiviruses such as human or feline immunodeficiency virus (FIV). However, their contribution to neurotoxicity is poorly understood. Medium from FIVinfected, choroid plexus macrophages applied to cultured feline cortical neurons induced a small acute calcium rise followed by either a delayed calcium deregulation (41%) or swelling and bursting (23%). NMDA glutamate receptor blockade prevented the acute calcium increase and antagonists to the IP 3 receptor, voltage-gated calcium channels and sodium channels suppressed both the acute and late increases. Analysis of intracellular calcium recovery in toxin-treated neurons after a brief exposure to glutamate, revealed a decrease in the rate and extent of recovery. The apparent diverse pharmacological contributions to intracellular calcium destabilization may be due to the ability of macrophage toxins to interfere with recovery of intracellular calcium homeostasis. © 2002 Elsevier Science (USA)
INTRODUCTION
The ability of lentiviruses such as the human immunodeficiency virus (HIV-1) to invade the central nervous system (CNS) has been established now for more than a decade, and a considerable amount of research has been devoted to characterizing the interactions between these viruses and neural cells. One of the most important goals of these efforts has been an attempt to understand how lentiviruses frequently produce a decrease in synaptic volume (Everall et al., 1999) , dendritic pruning (Masliah et al., 1992) and a significant loss of both cortical and subcortical neurons (Everall et al., 1993a (Everall et al., , 1993b (Everall et al., , 1999 Wiley et al., 1991) in the absence of direct neuronal infection. A complex web of indirect toxic interactions of various factors with neurons has been hypothesized including: (1) effects of viral envelope and regulatory proteins (Nath and Geiger, 1998; Ohagen et al., 1999) and (2) effects of soluble factors released from macrophages and microglia (Giulian et al., 1990; Pulliam et al., 1991; Xiong et al., 1999 Xiong et al., , 2000 . How these toxic insults converge on neurons in vivo and lead to cell death remains poorly understood, but there is considerable evidence from in vitro studies that glutamate receptor activation (Lipton et al., 1991; Meucci and Miller, 1996; Holden et al., 1999) and the accumulation of intracellular calcium (Lo et al., 1992; Nath et al., 1995) may be involved.
Although, most models of neuropathogenesis have assumed that the neurotoxic agents originate from monocyte/macrophages trafficking across the bloodbrain-barrier, there is also considerable potential for infection and trafficking of macrophages across the blood-cerebrospinal fluid (CSF) barrier within the choroid plexus. The choroid plexus contains a large population of macrophages easily targeted for infection by HIV. Unlike circulating monocytes, the high density of
